Systematic conductivity measurements near T c in granular ͑Bi,Pb͒-Sr-Ca-Cu-O superconductors are presented, and focus is given on the interplay between thermal fluctuations and disorder at micro-and mesoscopic levels. Experiments show that the resistive transition is a two-step process. In the normal phase, Gaussian and critical fluctuation conductivity regimes were identified. Both are affected by local disorder. Particularly, the critical regime is characterized by a power law with exponent cr ϳ3, which we interpret as resulting from microscopic granularity. Below T c and in the regime describing the approach to the zero-resistance state, fluctuation conductivity diverges as expected in a paracoherent-coherent transition of a mesoscopic granular superconductor. The results show that, instead of trivially rounding the transition, disorder at micro-and mesoscopic levels preserves a true critical phenomenology in granular superconductors.
I. INTRODUCTION
High-T c superconductors are known to show large regions dominated by thermal fluctuations. Most specimens of these materials are also known to present strong structural disorder at microscopic and mesoscopic levels. However, only a few studies were devoted to investigating the interplay between these two important aspects of the high-T c systems. Mostly, it has been argued that inhomogeneities producing a nonuniform transition temperature lead to noncritical roundings in the equilibrium 1 and transport 2 properties near T c . Although this approach is likely to be correct in the limit of small dispersion in T c , the situation is less clear in the case of strong disorder.
Recently, Rosenblatt et al. 3, 4 have introduced the concept of microscopic intragrain granularity to explain the scalinglike behavior of the field of first flux penetration into polycrystalline samples of fluorine-doped YBa 2 Cu 3 O 7Ϫ␦ . These authors argue that in the superconducting cuprates, due to the smallness of the coherence length, an unavoidable coupling is produced between microscopic defects ͑e.g., deviations of the stoichiometry͒ and spatial fluctuations of the critical temperature, T c (r). A local variation of the critical temperature is conceivable if inhomogeneities extend over distances of the order or larger than the intrinsic superconducting coherence length (T), making thus quite plausible the occurrence of inhomogeneous superconductivity in certain samples of the high-T c systems. According to the model in Ref. 3 , there are two related conditions for a supercurrent to freely circulate between positions r and rЈ of a microscopically disordered superconductor: ͑i͒ r and rЈ must belong to the same single connected region, or cluster, defined by T c (r)ϾT, where T is the temperature, and ͑ii͒ the order-parameter correlation function ͗(r)(rЈ)͘ should be nonzero within the cluster, that is ͉rϪrЈ͉р(T). Condition ͑i͒ defines a temperature-dependent percolation parameter such that for p(T c )ϭp c an infinite cluster spans the sample and infinite conductivity should be obtained. Condition ͑ii͒ means that the characteristic percolation correlation length in the system is given approximately by (T), which implies that p(T) is independent of the particular distribution of T c (r). The model of Ref. 3 predicts that the critical exponent for the correlation length of this temperature controlled percolation problem is Х 4 3 , i.e., the same value found in genuine granular material. 5 In this sense microscopic disorder and granularity are equivalent. An important consequence of this approach is that, instead of blurring the transition, the microscopic granularity model preserves a true critical phenomenology, where physical quantities behave as power laws with the same exponents characterizing the superconducting transition in mesoscopic granular networks. These exponents are known to be large. 5 This implies that in some circumstances it may be difficult to clearly distinguish between a genuine power-law behavior and a mere noncritical rounding.
In this paper, we report on fluctuation conductivity measurements in polycrystalline Bi 1.6 . We analyze the results with the logarithmic temperature derivative of the conductivity. 6 The method is particularly appropriate to identify power-law divergences of the conductivity and does not require fitting procedures involving adjustable parameters. Above, but close to T c , we have clearly and systematically found that the fluctuation conductivity is described by power-law regimes with exponent cr ϳ3, which we identify with microscopic granularity. Indeed, this exponent is long known to characterize the critical resistive transition in ''classical'' granular arrays formed by metallic superconducting particles embedded in a poorly conducting matrix. 5 Our samples, however, are loosely packed ceramic systems, where the sizes of crystallites vary between 0.1 and 20 m. This means that these specimens are representative of genuine mesoscopic granular superconductors, where infinite conductivity is achieved through activation of weak links between the crystal grains. Thus, in addition to effects of the intracrystallite microscopic granularity, whose fluctuation regimes are observed in the normal phase, we have also studied the regimes describing the approach to the zero resistance state. We have indeed obtained that these regimes are dominated by thermal fluctuations typical of mesoscopic granular arrays, as previously found in ceramic YBa 2 Cu 3 O 7Ϫ␦ ͑Refs. 6 and 7͒, and are characteristic of a paracoherent-coherent transition. 5 In most of the measurements, the effects of microscopic granularity could be clearly separated from those resulting from ''classical'' mesoscopic granularity. 3 . The preparation of these compounds proceeds in three stages. First, calcination of the mixed and ground precursors was performed in air at 800°C, for 20 h. After a slow decrease of the temperature, the samples were ground, pressed into pellets, and annealed for 20 h at 820°C or 825°C, for Bi-2212 or Bi-2223, respectively. After another grinding, the final 160 h sintering was done at 800°C for Bi-2212, and 850°C for Bi-2223. Some of the samples were submitted to further annealing in order to generate a variety of states of mesoscopic and microscopic disorder. For instance, one of the Bi-2212 and one of the Bi-2223 specimens were annealed at 650°C for 12 h in flowing oxygen. This procedure removes some of the oxygen excess in the grains, but leads to precipitation of Ca 2 PbO 4 at the grain frontiers 8 and strongly enhances the effects of mesoscopic granularity in the resistive transition. In Table I , which lists the prepared samples, is indicated the heat treatment performed in addition to the assintered state.
II. EXPERIMENT
The resistivity measurements were performed using a low-frequency ac technique. Four electrical contacts were obtained by sputtering thick silver films in the form of strips on the surface of bar-shaped samples. Copper wires were then attached to the contacts with silver paint. After a cure at 300°C, contact resistances less than 0.5 ⍀ could be obtained. Relative sensitivities of 10 Ϫ5 were attained in the resistivity measurements. Current densities ranging from 3 to 800 mA/cm 2 were employed. Temperatures were determined with a Pt sensor with an accuracy of 1-2 mK. The data points were recorded while increasing or decreasing the temperature in sweeping rates of 3 K/h near the transition. A large number of closely spaced points was collected in order to allow for a numerical calculation of the temperature derivative of the resistivity, d/dT, in the vicinity of T c .
III. METHOD OF ANALYSIS
We analyze our data by adopting the simplest scaling approach for the fluctuation conductivity, i.e.,
where is the critical exponent, A is a constant and ⌬ ϭϪ R is obtained from the measured conductivity ͑͒ by subtracting the regular contribution, R . As usual, R is estimated by extrapolating the high-temperature behavior
to the vicinity of T c . In Eq. ͑2͒ a and b are constants. The linear resistivity behavior is verified above 200 K in both systems. We determine numerically the logarithmic temperature derivative of ⌬, and define
Then, using Eq. ͑1͒ we obtain The quantity is formally analogous to a Curie-Weiss susceptibility in a ferromagnet, and the critical exponent plays the role of the Curie constant. Thus, simple identification of linear temperature behavior in plots of 1/ vs T allows the simultaneous determination of T c and . The amplitude A remains undetermined, although it can be retrieved with the help of Eq. ͑1͒ once T c and are obtained.
The main source of uncertainty in our method comes from the extrapolation procedure to estimate R near T c . Numerical calculation of d(⌬)/dT also introduces errors, but these tend to be relatively less significant close to T c , where d/dT is large. Nevertheless, in order to improve the reliability of the method used we repeated a given experiment several times. This allows us to judge about the quality of the fits and extract the values of the relevant parameters on the basis of an average set of measurements. When repeating an experiment, some conditions may be varied, like increasing or decreasing the temperature or changing the intensity of the measuring current. The number of experiments per sample is indicated in Table I .
To illustrate our strategy, in Fig. 1 we show a comparison of the superconducting transition for one of the Bi-2212 samples as measured by the resistivity, d/dT and Ϫ1 . As can be seen in Fig. 1͑c͒ , the Ϫ1 representation clearly reveals the two-stage character of the transition. 6 Thus, we can readily identify the temperature interval relevant for studying fluctuations in the normal phase, and the regime dominated by mesoscopic granularity close to the Rϭ0 state. The temperature crossover T p , which corresponds to the maximum of d/dT, delimits approximately the two distinct resistive regimes. The two-stage character of the transition is not as easily perceived in the resistivity vs temperature plots of Fig.  1͑a͒ .
IV. RESULTS

A. Bi-2212
Results shown in Fig. 1 for sample B2-a of the Bi-2212 system are representative of the essential characteristics of the fluctuation conductivity in our samples. Figure 1͑c͒ shows that above, but close to T c , the variation of 1/ as a function of temperature may be fitted to two straight lines. These fits are labeled by the indices G and cr , denoted on the picture. Farther from T p , the regime corresponding to the exponent G Х0.5 is quite robust with respect to current variation or heat treatment of the samples, and is interpreted as resulting from Gaussian fluctuations in the microscopically granular array. Closer to T p , a crossover is observed to another power-law behavior, in which the exponent's value, cr Х3.0, is characteristic of critical conductivity fluctuations in classical granular superconductors. 5, 7, 9 An expanded view of the data in the cr regime is shown in Fig. 2͑a͒ .
Below T p , and near the zero resistance state, where effects related to mesoscopic granularity are supposed to prevail, the fluctuation conductivity is also described by a power law of the type
where T co is a temperature dependent on the applied current and magnetic field which is close to the so-called zero resistance temperature. Indeed, for results in Fig. 1 we have found sХ3, which is the expected value for critical conductivity fluctuations in granular arrays. 7, 9 The two parallel straight lines in Fig. 1͑c͒ stress the similar critical behaviors of the s and cr regimes. The s regime is observed independently of the current of measurement. However for current densities in excess of 100 mA/cm 2 , a crossover is observed to another power-law regime with exponent sЈХ4 when the temperature approaches T co . Such crossover was first noticed in ceramic YBa 2 Cu 3 O 7Ϫ␦ samples. 16 In Fig. 2͑b͒ we show an expanded view of Ϫ1 close to the Rϭ0 state for two measuring currents. For jϭ32 mA/cm 2 we observe only the regime corresponding to sХ3, whereas for j ϭ320 mA/cm 2 a crossover can be identified to sЈХ4 when the temperature decreases towards the Rϭ0 state.
Another of the Bi-2212 samples, namely B2-b, presents essentially the same behavior as B2-a, except that we could not observe the granular sЈ regime, as the measuring currents were kept very low in this case. The third Bi-2212 sample ͑B2-c͒ was submitted to an annealing at 650°C. This probably enhances the quality of the grains, as may be inferred from the increase in T p ͑see Table I͒ and from the nonobservance of the microscopic disorder-induced cr regime. On the other hand, the effects of mesoscopic granularity are present and both exponents s and sЈ could be observed. As for the B2-a sample, the sЈ regime was identifiable when the current densities were higher than 100 mA/cm 2 .
B. Bi-2223
Fluctuation conductivity results in the Bi-2223 samples are very similar to those for the Bi-2212 system. In one of the samples, namely, B3-I, we have applied small magnetic fields parallel to the measuring current. Several fields from 1 G up to 400 G were applied. Figure 3 shows Ϫ1 measurements obtained at Hϭ5.5 G. These are representative of the results in the limit of very low fields. Far above T p , the regime corresponding to the exponent G ϭ0.84Ϯ0.13 is interpreted as resulting from almost two-dimensional ͑2D͒ Gaussian fluctuations. This behavior is unaffected by the field up to the highest applied value. Closer to T p a crossover to the cr regime is clearly observed. This picture is stable, however, only in fields up to 6 G. Above, the power law corresponding to the cr regime is no longer discernible and Ϫ1 becomes visibly rounded in the vicinity of T p . Below T p , the s regime is also found to be quite unstable against the field. Above Hϭ20 G, Ϫ1 becomes rounded and no power law could be identified in the temperature interval close to the zero resistance state. Also noticeable is the shape of d/dT at low applied fields for sample B3-I. In the inset of Fig. 3 , one can observe a steep transition denoting the frontier between intragranular and intergranular resistive behaviors.
Sample B3-II was measured in current densities ranging from 3 to 790 mA/cm 2 . Results are current independent and Ϫ1 looks very similar to observations in sample B3-I in the limit of small applied fields. The as-sintered B3-III sample was submitted to an annealing of 3 h in 650°C before the resistivity measurements were taken. In this case, the regimes above T p are the same as observed in samples B3-I and B3-II. However, below T p an extended straight line corresponding to sЈХ4 could be fitted to the Ϫ1 results, as shown in Fig. 4 . The inset of this figure allows one to appreciate in more details the cr regime.
Sample B3-IV was submitted to an annealing of 12 h in 650°C. In this case, as also observed in the Bi-2212 system, the cr region is absent. Moreover, the Gaussian exponent decreases to G Х0.5. Below T p , the heat treatment induces a huge increase of the region dominated by mesoscopic granularity, but the exponent sХ3 could be identified only for currents below 20 mA/cm 2 . Figure 5 illustrate the data for this sample. Table I summarizes the obtained exponents concerning fluctuation conductivity in our Bi-2212 and Bi-2223 samples.
FIG. 2. Expanded views of the inverse of the logarithmic temperature derivative of the conductivity
Ϫ1 for the Bi-2212 system ͑sample B2-a͒. ͑a͒ Critical regime, with exponent cr Х3. ͑b͒ Results close to the Rϭ0 state obtained in jϭ32 mA/cm 2 (I ϭ1.0 mA) and jϭ320 mA/cm 2 (Iϭ10 mA). Exponents are quoted.
FIG. 3.
Ϫ1 measurements obtained at Hϭ5.5 G for the B3-I sample of the Bi-2223 system. In the inset it is shown d/dT for this sample at the same field. Table I show the general characterization of the resistive transition in our Bi-2212 and Bi-2223 ceramic samples. Although strongly disordered at microscopic and mesoscopic levels, the rounded shape of the transition is related to thermal fluctuation effects.
V. DISCUSSION
Figures 1-5 and
The resistive transition may be roughly described as a two-stage process. The fluctuation conductivity in the normal phase is identified by two power-law regimes in the reduced temperature. Farther from the bulk superconducting transition, which occurs close to T p , the obtained exponents correspond to 3D or 2D Gaussian fluctuations, depending on the sample. Closer to T p , results show the systematic dominance of a critical regime in which the value of the exponent is strongly affected by microscopic inhomogeneities. Below T p , in the temperature interval characterizing the approach to the zero resistance state, fluctuation conductivity clearly shows the critical behavior expected for mesoscopic granular superconductors.
A. Fluctuations in the normal phase
Gaussian regime
For the Bi-2212 samples, we have observed that the reduced temperature interval where Gaussian fluctuations prevail is limited to 0.06Ͻ G Ͻ0.14, where G ϭ(TϪT c G )/T c G is referred to the extrapolated T c G , as shown in Fig. 1͑c͒ . The Gaussian exponent found for these samples is G ϭ0.5 ͑see Table I͒ . According to the Aslamazov-Larkin theory, 10 the Gaussian exponent is given by G ϭ2Ϫd/2, and a value G ϭ0.5 would be expected for a three-dimensional (dϭ3) fluctuating system. Our result is quite surprising since Bi-2212 is characterized by a strong planar anisotropy, and one would expect that the dominant fluctuation regime in the Gaussian region should be typically 2D, as obtained in single-crystal samples. 11 The theoretical amplitude of fluctuation conductivity in a 3D system is Aϭe 2 /32ប G (0), 10 where G (0) is the coherence length at zero temperature. The experimental amplitude may be obtained from our results by fitting the fluctuation conductivity data to Eq. ͑1͒ in the temperature interval where the Gaussian regimes were identified from the Ϫ1 analysis. From the obtained values for A we calculate G (0)Х10 nm for the B2-a sample and G (0)Х20 nm for samples B2-b and B2-c. These values are much larger than the intrinsic coherence length of the Bi-2212 superconductor 12 and are related to the granular nature of the sample. The experimental amplitudes A certainly give overestimated values for G (0) because of the porosity of the ceramic samples, the effect of grain boundary barriers, and the anisotropy of the randomly distributed crystallites. Nevertheless, G (0) may be roughly visualized as an upper limit for a sampledependent correlation length of the microscopically disordered superconductor. In other terms, G (0) would give an upper limit for the size of regions having homogeneous T c . Most likely, the mean size of these regions in our samples is considerably smaller than the calculated G (0).
For the Bi-2223, the Gaussian regimes extend from G ϭ0.03 to G ϭ0.10. For three of the samples, the values of the exponents are consistent with a 2D or quasi-2D fluctuation spectrum. For sample B3-IV, which was annealed at 650°C, we have found G Х0.5. Again, for the Bi-2223 ceramics, the Gaussian regimes are likely to be describing the fluctuation conductivity of a microscopically granular superconductor. The 2D or quasi-2D exponents found in samples B3-I, B3-II, and B3-III are in good agreement with results previously obtained by Ausloos and co-workers 13 in a polycrystalline sample of Bi-2223. These authors proposed that a surfacelike percolation backbone underlies fluctuation phenomena in such systems. This model is consistent with the formation process of the Bi-2223 phase, which grows on the surface of Bi-2212 platelets.
14 The exponent G Х0.85, found in samples B3-I and B3-II, is close to the one found by
Ϫ1 results for sample B3-IV of the Bi-2223 system.
The scaling corresponding to the critical regime dominated by microscopic granularity is not visible in this case.
FIG. 4.
Ϫ1 results for sample B3-III of the Bi-2223 system. In the inset, an enlarged view of the cr regime is shown.
Ausloos and co-workers and implies that the fluctuation network develops in a fractal space with spectral dimensionality dХ2.3Х1ϩ 4 3 , where 4 3 is the well-known fraction dimension for percolation clusters. 15 We also note that quasi-2D fluctuation behavior was identified in some YBa 2 Cu 3 O 7Ϫ␦ ceramic samples. 6 The 3D regime observed in samples B3-IV is a consequence of the heat treatment at 650°C, which probably produces a more uniform distribution of the off-stoichiometric oxygen within the crystallites. For this sample, we calculate G (0)Х25 nm, which is of the same order as that obtained in Bi-2212.
Critical fluctuations
For the most disordered samples, when the temperature is decreased below the Gaussian interval, a crossover is systematically observed in the fluctuation conductivity to a power-law regime described by the exponent cr Х3. We interpret this cr regime as being originated from genuine critical fluctuations. The exponent's value is suggestive of granularity. 5 However, since the characteristic temperature interval occurs in the normal phase, we cannot associate it with classical granularity, typical of samples formed by small superconducting regions which are weak-linked to each other by Josephson couplings. Instead, the cr regime in our samples is a clear manifestation of microscopic granularity.
In addition to mesoscopic disorder characteristic of ceramics, our samples are also strongly disordered at a microscopic level. Deviations from the nominal oxygen stoichiometry, Bi-Pb interchange, distortions of Cu-O polyhedra and polymorphism are among the most frequent microscopic defects in the Bi-based superconductors. 16 Due to the smallness of the intrinsic coherence length, these deviations from the ideal structure manifest themselves through spatial fluctuations of the critical temperature. The analysis of the Gaussian regimes indicates that T c (r) fluctuates in scales of approximately 10 to 25 nm, which are one order of magnitude larger than the intrinsic coherence length, but are much smaller than the size of crystallites. This situation meets the most important requirement to characterize a microscopically granular state, 3 where critical behavior is equivalent to that of classical granular systems.
As for to the 3D-XY universality class, to which superconductors are supposed to belong, disorder is expected to be relevant. Then, the critical exponents should differ from those predicted 16 and observed 6, 10 in the homogeneous case. In the critical region, the dynamical scaling theory 17, 18 predicts that the fluctuation conductivity diverges at T c as
where ϭ(TϪT c )/T c , is the coherence length critical exponent, z is the dynamical exponent and takes into account the deviation from the Ornstein-Zernike behavior in the order parameter correlation function. For granular superconductors, it has been demonstrated that Х
From an empirical point of view, the simplest description of our fluctuation conductivity results in the regime approaching the zero resistance state is given by Eq. ͑5͒. The power-law behavior, which holds for low currents and low applied magnetic fields, is indicative of the occurrence of a paracoherent-coherent transition, 5, 6 characteristic of a granular superconducting network. At T co , the fluctuating phases of the order parameter in each mesoscopic grain become long-range ordered as a consequence of a thermally controlled percolationlike process that activates weak links between grains. The obtained exponent, sХ3, is known to characterize the resistive transition of artificially prepared granular arrays consisting of small superconducting particles embedded in an insulating matrix. 5 The fluctuation conductivity of ceramic YBa 2 Cu 3 O 7Ϫ␦ near the zero resistance state is also known to be described by Eq. ͑5͒ with exponent close to 3. 6, 7 As exemplified in Fig. 2 and shown in Table I , in some experiments, performed with relatively high current densities, a crossover in ⌬ to a power-law behavior with exponent sЈХ4 is observed when the temperature approaches the Rϭ0 point. In one of the Bi-2223 samples, namely, sample B3-III, the sЈХ4 is the only scaling regime observed below T c , as shown in Fig. 4 . If attributable to a critical phenomenon, and accordingly to Eq. ͑6͒ where is kept equal to 4 3 , the exponent sЈХ4 would correspond to zХ4. This scenario fits well into a description based on a vortex-glass transition. 20 The vortex-glass transition with exponents close to ours have been observed in epitaxial films 21 or single crystals 22 by resistivity and nonlinear I-V measurements at relatively high applied fields. In agreement with the analysis presented in Ref. 21 , we only observe true critical vortex glass fluctuations above T co and no crossover to vortex-glass Gaussian behavior 23 could be identified. The dominance of the glass thermodynamics in the limit of small self-fields, in contrast to conventional flux creep descriptions, 24 is probably due to the validity of the phase glass model 9, 25 in the case of strongly disordered ceramic materials. This model represents a dirty limit of the more general vortex-glass theory and its properties are related to Josephson weak-link effects. It is worthwhile to note that, starting from the phase glass Hamiltonian and using a mean-field approach based on the Kubo formula, the author in Ref. 9 found theoretically that fluctuation conductivity is expected to diverge with the exponent sϭ3. This reinforces the interpretation of this regime, as well as for the sЈХ4 one, as being intrinsically related to superconducting granularity. As an additional proof, one could also notice that a vortex-glass type of dynamics was observed in transport and magnetic measurements at low fields in ceramic YBa 2 Cu 3 O 7 .
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VI. CONCLUSIONS
We studied experimentally the fluctuation conductivity close to T c of disordered samples of the Bi-2212 and Bi-2223 superconductors. For the analysis of the data we devised a method based on the determination of the logarithmic derivative of the conductivity with respect to the temperature. The results show clearly that the resistive transition is a two-stage process, and the fluctuation regimes dominating each stage could be analyzed separately.
In the normal phase, we identified the occurrence of a Gaussian and a critical scaling regime. Both are dependent on the state of microscopic disorder in the sample. In the Bi-2212 samples, the Gaussian interval is rather extended and correspond to a 3D fluctuation spectrum. In the Bi-2223 samples, the Gaussian regime is consistent with 2D or quasi-2D fluctuations, but may become 3D depending on a heat treatment that modifies the state of microscopic disorder of the sample. Because of the strong planar anisotropy of the Bi-2212 and Bi-2223 superconductors, one could expect that intracrystallite 2D Gaussian fluctuations would dominate in these systems. Our results imply that the strong microscopic disorder modifies the fluctuation spectrum and favors the 3D behavior in the Gaussian interval, as it does in the genuine critical regime. Closer to T c , in both systems, we observed a scaling regime with exponent cr Х3 that is typical of critical fluctuations in the conductivity of granular superconductors. This cr regime is extremely sensible to applied magnetic fields. We propose that both Gaussian and critical regimes are characteristic of a microscopic granular superconducting state in which the correlation length is larger than the intrinsic coherence length, but much smaller than the typical grain size. The microscopic granularity is a consequence of local disorder that induces spatial fluctuations in T c (r), according to the model proposed in Ref. 3 . We note that our interpretation, which attributes to thermal fluctuations the enhancement of the conductivity in the normal phase of our samples, is opposed to the common belief that disorder merely produces noncritical roundings of the transition.
Below the bulk transition, classical granularity effects related to disorder at mesoscopic level dominate the regime describing the approach to the zero resistance state. The fluctuation conductivity diverges with the exponent sХ3, as expected for granular networks. A vortex-glass exponent sЈ Х4, which is also related to granularity, is identified in some measurements with relatively high current densities. As generally observed in granular superconductors, the scaling behavior of the conductivity below T c in our samples is strongly dependent on the current of measurement and the applied magnetic field, and is modified or destroyed when current or field exceed some relatively low threshold value. On the other hand, the hierarchical character of the granularity in our samples is additional evidence to some earlier observations 6, 13, 27 that the fluctuation spectra of the disordered cuprate superconductors should be defined in a selfsimilar space.
